Occurrence of (fluoro)quinolones and (fluoro)quinolone resistance in soil receiving swine manure for 11 years.
Because of the widespread use of antibiotics in animal breeding, the agricultural application of animal manure can lead to the introduction of antibiotics, antibiotic-resistant bacteria and antibiotic resistance genes to the soil and surrounding environment, which may pose a threat to public health. In this study, we investigated the status of (fluoro)quinolone (FQ) residues and FQ resistance levels in soil with and without receiving long-term swine manure. Six FQs (pipemidic acid, lomefloxacin, enrofloxacin, norfloxacin, ciprofloxacin, and ofloxacin) were only detected in manured soil, with individual concentrations ranging from below the detection limit to 27.2 μg kg(-1) and increasing with the increase in swine manure application rates. Higher load rates of swine manure yielded a higher number of ciprofloxacin-resistant (CIPr) bacteria after spreading. A total of 24 CIPr bacterial isolates were obtained from the tested soil, which belonged to four phyla (Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes) or were related to nine different genera. Only 18 isolates from manured soil were positive for five plasmid-mediated quinolone resistance (PMQR) genes (aac(6')-Ib-cr, qnrD, qepA, oqxA, and oqxB). To our knowledge, this study is the first to examine the occurrence of PMQR genes in FQ-resistant bacteria from the soil environment. A similar result was observed for the total DNA from soil, with the exception of aac(6')-Ib being detected in the control sample. The absolute and relative abundances of total PMQR genes also increased with fertilization quantity. Significant correlations were observed between FQ resistance levels and FQ concentrations. These results indicated that the agricultural application of swine manure led to FQ residues and enhanced FQ resistance. This investigation provides baseline data on FQ resistance profiles in soils receiving long-term swine manure.